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H R B AN EINRBRE (Acidovorax citrulli). B AT 4 1A ik 25 4 (type 111 secreted effectors,
T3SEs)A % /4 B 69 X4EE R B T, A2 808 4 2 e AaAE A ALK 69K REF AR, (B8] X2 H
INR BB IR 5 e ROL Y R B aopW, HAT 2 A% & i e it o5 09 75 X A IR ANILINIRZ
AR ABNEEREA BRI F R T, [ AR EANE &F o L7748, 4580
H i F PCR ARG aopl th R AR FmAl £ A B R AR % Z; ARER R EAAR
HEEANF B BEPATERM . FELEHARE ZFHATAR A4, KA BT RABEAT B AopW
%5 4E 9 £ hypersensitive response (HR)Ae h A - . ampe g (2t 5L, (2R ]) aopW B BT R &
FEIA! 5 % % (type 111 secretion system, T3SS)4% & A F 45645 5, HBALE) &G NGFLAE T KA
SEILHEAR IR, HTA 43t #Z 4 harpin & @ FIJR; T3SS S B hipGlhrpX REARF aopW I B
AL FREEK; KR aopW KRB RERIF LB R AR, 2L AT I EREARER
FH A, AopW AL T IBE MR vt SR IR, TTAHF ARMEL A HR, #ehmRA8 %5 T4
A(pathogen-associated molecular pattern, PAMP)fik &% 49 %, 72 (PAMP-triggered immunity, PTI){z 5 &
BB FAT T AN KB G RIE, [4#] BNREE AopW AIAE 5362 L # harpin & &,
A5 FEERENSTXEEER T4, HME BT 404 PAMP A MY PTI Al & #m 13
TB I R IR,

KA BNRBRE; A S AL aopW; FaRAEE S FHEX AL M KA harpin
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Preliminary functional analysis of the type III secreted
effector gene aopW in Acidovorax citrulli

CHEN Baoqiang, MA Boya, LI Yingying, YOULITUZI Naibi, SONG Jindi, LIU Jun’

College of Life Sciences, Xinjiang Agricultural University, Urumqi 830052, Xinjiang, China

Abstract: [Background] Bacterial fruit blotch (BFB) is a serious quarantine disease caused by
Acidovorax citrulli on the plants of Cucurbitaceae. Type III secreted effectors (T3SEs) are
known as the key pathogenic factors in the pathogen, while little is known about their roles and
functioning mechanisms. [Objective] To identify the T3SE gene aopW of A. citrulli and analyze
the way that the protein affects plant immunity, so as to lay a foundation for further
understanding the role of aopW in the pathogenic mechanism of A. citrulli. [Methods]
Bioinformatics tools were used to analyze the sequence of the gene. Fluorescence quantitative
PCR was performed to determine the expression of aopW and the relationship in the expression
between aopW and disease resistance genes. Gene mutagenesis and gene function
complementation were employed to explore the gene functions through the analysis of pathogen
pathogenicity and host accumulation of reactive oxygen species. Hypersensitive response (HR)
induced by AopW and the subcellular localization of AopW in the non-host plant were
investigated by transient expression technique. [Results] There was a binding site with the type
III secretion system (T3SS) core gene in the promoter region of aopW gene, and the protein
encoded by aopW had no signal peptide or transmembrane domain. AopW was homologous to
harpin. The expression of aop W in the mutants of T3SS core genes hrpG/hrpX was significantly
down-regulated. After aopW was deleted, the pathogenicity of the mutant decreased, while the
accumulation of reactive oxygen species in the host increased. AopW was mainly located in the
cytoplasm and cytoplasmic membrane and induced HR in Nicotiana benthamiana. Moreover,
AopW affected the pathogen-associated molecular pattern (PAMP)-triggered immunity (PTI)
signaling pathway and the expression of the genes involved in hormone signaling pathways.
[Conclusion] The AopW of 4. citrulli is a harpin of the T3SE family, which plays a role as a
toxic factor in the interaction of A. citrulli with the host cucumber. It may be involved in the
PAMP-triggerred plant PTI and hormone signaling pathways and induce cell necrosis in
N. benthamiana.

Keywords: Acidovorax citrulli; T3SEs; aopW; PTI; harpin

JIN 2 4 TR P SR B (bacterial fruit blotch, — JAJRZEA ™ ™ BB . NiR BFB Ji i ——74
BFB) A it i &4 LR E 2B HE, 47 RERE 5 HE F 09 B AENLE ] 8 & 38 B 5%
VUK CEEREE SR 8 8 T BRI & TE 8 W iBR R JFomiE = ISR . B type 1T
4 BFB GH M KR T R ZIAER  secretion system (T3SS)/rWAAY type III secreted
B, e A BB R RO A, BFB AR effectors (T3SEs) & P JINE iR B 250 1 72 H A 5%
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SR P, BROGPENERR I T3SEs S fih %
) i SO BN A B o S8 T BT i
P Y T3SEs 1] g TR AT I I SO AL 55
B

PUNE PR TA T3SEs OGRS A BE, ¥
AR AacS 19 T3SS A F U4, 77 hrpX Fl hrpG
(hrp ZEFRFR) I RIRIEA , RS T3SEs £k
T3SS LU AN, ZWF a4 5 4 g
JRNEPRE T3SEs B¢ | BB AERN . W sbamt 52
HESEPE N FR BT T3SEs Ace0201 Fl Ace1242 3
fE 18 1 #1  35 7 %A (reactive oxygen species,
ROS) % & il #H 2 PAMP-triggered immunity
(PTDZ ML 5K 156 56 38 ) 50 iF A1 6 ) Rl 45 5 %]
T3SE Acel, Mk izt Hal Ll 0 ROS %
RAPIRB TR R PTI 342 A o oxid it
Toap SR RGERUE T 7 S HAT PIP-box i
STERESA) T3SEs; Al , Zhang %5 % 5E #|—4>
HTH) T3SE AopP, Hol i il fi] ROS % & FIFEAR
KR (salicylic acid, SA)E Ml PTI 8 #%,
shsE T F AN, ERIIR R, FERE
BRTE T3SEs PR C A —Segb e, HHiC %€
f) T3SEs H1 A R ZE LA 40 55 PTT 2 by & 4%
AR, A CRBE ik & & PTI S I Y
T3SEs, U harpin ZEA9HF5T AR A FR .

Harpin £ F B 7E 2 2% B FA 9 I 4
R, W Erwinia amylovora #) HrpWUFl
Pseudomonas syringae pv. tomato ) HrpZ 1'%,
Harpin & [ —2K¥EER) T3SEs, HE%T)
RESZ P Avr 5 Dsp 200 Y1k A2 gt
H 42 10 B 3 Bowe AR R B ROV hrp
SR Gt Harpin 25 F/E R JFUAH 5G4 4
7 (pathogen-associated molecular pattern, PAMP)
TR RS2 /4K (pattern recognition receptors,
PRRs)PLIFF I 8h PTINY, 7@ vk B T REAE AR 5

Y B OO, TEARWEE R A LA S
YO . Hriue i R &R, W% harpin
FEH popW WIMHE . SA. Jasmonic acid (JA)M
hypersensitive response (HR)AH I K 1R ik
S, RBU T EORS DU R, B A AL
RAFLIER T ABI S8 /I i AE VG R R T
RIGA R FC440 ML A, K I—2K harpin
RN LN, A 44 K aopW o JRZEHEY) h 224
KAEBAT BFB MR BE I, B9 VN ER
B AI2E harpin EH, RPN #E— B AEHINEF
T R R RO LA AT B AT B 2
BELA

1 #eE5FiE

1.1 EYMERIEF

FEW 81 B85 N (Cucumis sativus) K355 ] |
A KR BE (Nicotiana  benthamiana) Fl 5 38 41 5
(Nicotiana tabacum)ZEHH 95 HPHILA MBI K
SRR B, YT 28 °C25 °C,
16 h/8 h BIMESE & 2, Hrp e IR T kis 5 d
IHE AT, JHRE TR SR 30-45 d fli .
1.2 E#k. ARSI

AR T B bR L BORLOLER 1, 519 W3R 2.
1.3 EZRAFIFLR

TransZol Up Plus RNA Kit. EasyScript®

One-Step gDNA Removal and ¢cDNA Synthesis
SuperMix . TransStart® Green qPCR SuperMix,

b e EAEMEAR B AERA A BOtHER
FBRMEE, RAREEDEEAERA R POtE =
PCR X, ZRAEVHEARGIRAF
14 BERERBERFZH

KGR TransT1 ., A" GV3101 FPE K
IR FC440 5 7% 45 1 B B 30 il iy 15 5%
B, VLSS G2 R R 225 SCHR[19].
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Table 1 Bacterial strains and plasmids used in this study
Strains/Plasmids Characteristics Sources or
references
Strains
FC440 (WT) Amp®; wild type Our laboratory

FC440 (AaopW)
FC440 (AaopW-aopW)

FC440 (AhrpG)
FC440 (AhrpX)
Trans T1 (pBBRIMCS-5-aop W)

GV3101

GV3101 (pAPK-GFP)
GV3101 (pAPK-aopW)
GV3101 (pBINGFP2)
GV3101 (pBINGFP2-aop W)

Plasmids
pMDI19-T
pMD19-T-aopW

pK19mob2QHMB-aop W

pBBRIMCS-5-aopW

pKannibal-aop W

pBINGFP2-aopW

Amp®; Kan®; FC440 mutant defective in aop W

Amp®; Kan®; Gm®; FC440 (AaopW) complemented

with aopW gene expressed by vector pPBBRIMCS-5

AmpR; Kan®; FC440 mutant defective in hrpG

Amp®; Kan®; FC440 mutant defective in hrpX

Gm®; Escherichia coli TransT1 strain containing vector
pBBRIMCS-5-aopW

Rif®; wild type

SpecR; RifR; GmR; GV3101 strain containing vector pAPK-GFP
Spec®; Rif; Gm®; GV3101 strain containing vector pAPK-aopW
KanR; RifR; GmR; GV3101 strain containing vector pPBINGFP2
Kan®; Rif%; Gm®; GV3101 strain containing vector
pBINGFP2-aopW

Amp®; Cloning vector

Amp®; pMD19-T vector containing a 1 458 bp
fragment with the aop W gene

Kan®; pK19mob2QHMB vector containing a 315 bp fragment
with the aopW gene

Gm®; pBBRIMCS-5 vector containing aopW gene;
used to complement FC440 (Aaop W)

Kan®; pKannibal vector containing a 1 458 bp
fragment with the aop W gene

Kan®; pBINGFP2 vector containing a 1 458 bp
fragment with the aopW gene

This study
This study

[16]
[16]
This study

Our laboratory
[16]

This study
[17]

This study

TaKaRa
This study

This study

This study

This study

This study

sl AR R VIR BRI T A
TN HATA AR A 30 pg/mL Amp. 50 ug/mL Kan
F150 pg/mL Gm; T4 20 pg/mL Rif, 50 ug/mL
Gm F1 100 pg/mL Spec; KIFHFFE A 100 pg/mL
Amp. 50 pg/mL Kan #1 50 ug/mL Gm,

1.5 E¥MEEZESH

VEEUG N R B FC440 SLH 4 aop W Jit:

[X(GenBank % 5t 55 ON677301), {#i H fuzznuc

(http://embossgui.sourceforge.net/demo/manual/
fuzznuc.html) 43 #71 3 B J3 35 F X PIP-box ;

TMHMM (https://services.healthtech.dtu.dk/service.
php? TMHMM-2.0) 43 H7 H: 4 7 25 11 25 5 B8R i
[X; SingalP 4.1 (https://services.healthtech.dtu.dk/
service.php?SignalP-4.1){ELE A 2 HJE B & A
{55 #K; SMART (https://smart.embl.de/)7E 2k K
PR ST 45 #9358 ; Cell-PLoc 2.0 (http://www.
csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/) 7 £& 43 BT %K
4 YHUI SV 40 i 2 437 5 MEGA 7.0 Ay s gEfb ),
JH AR 3 ¥ (neighbor-joining  method) HE A I H #5:
(bootstrap) 1 000 ¥X .

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



MR oma: o IR R [T 3 i S S BE R aop W D RERTTAD 70 bt 1977
#F2 ik
Table 2 Primers used in this study
Primers name  Primers sequence (5'—3") Size (bp)  Sources or
references
aopW-F CGGAATTCGAGACATCGGGCAACAGG (EcoR 1) 320 This study
aopW-R CCAAGCTTGAGGGCATTGGCGAGTAC (Hind 1I) This study
aopW-QF GGGGTACCCCACCAATGACAGACAGACTC (Kpn 1) 1458 This study
aopW-QR GCTCTAGATCAGTTCACCGTTGACGAC (Xba 1) This study
AAC-1 GACCAGCCCACAACTGGGAC 246 [18]
AAC-2 CTGCCGCACTCCAGCGA [18]
aopW-CF TTTGGAGAGGACACGCTCGAGATGACAGACAGACTCAGCCGGC (Xho 1) 1488 This study
aopW-CR TCATTAAAGCAGGACTCTAGATCAGTTCACCGTTGACGACGC (Xba 1) This study
aopW-DF AGAGGATCCGTCGACCCGGGATGACAGACAGACTCAGCCGGC (Smal) 1488 This study
aopW-DR CTGTACAAGGGTACCCCCGGGTCAGTTCACCGTTGACGACGC (Sma 1) This study
RT-aopW-F GGCTCCGTCATTGATGTGCG 178 This study
RT-aopW-R CGTGCGTGGGCAGGAAATAG This study
rpoB-F GCGACAGCGTGCTCAAAGTG 104 [19]
rpoB-R GGCCTTCGTTGGTGCGTTTCT [19]
NbPti5-F CCTCCAAGTTTGAGCTCGGATAGT / [20]
NbPti5-R CCAAGAAATTCTCCATGCACTCTGTC [20]
NbAcre31-F AATTCGGCCATCGTGATCTTGGTC / [20]
NbAcre31-R GAGAAACTGGGATTGCCTGAAGGA [20]
NbGras2-F TACCTAGCACCAAGCAGATGCAGA / [20]
NbGras2-R TCATGAGGCGTTACTCGGAGCATT [20]
NbEF1o-F AAGGTCCAGTATGCCTGGGTGCTTGAC / [20]
NbEF1o-R AAGAATTCACAGGGAC AGTTCCAATACCA [20]
NbWRKY7-F CACAAGGGTACAAACAACACAG / [21]
NbWRKY7-R  GGTTGCATTTGGTTCATGTAAG [21]
NbWRKYS8-F  AACAATGGTGCCAATAATGC / [21]
NbWRKY8-R  TGCATATCCTGAGAAACCATT [21]
NbPR2b-F TCCAACTTGGAATCAAAGGG / [17]
NbPR2b-R GTGGACACTATACTCAGGTG [17]
NbLOX-F AAAACCTATGCCTCAAGAAC / [17]
NbLOX-R ACTGCTGCATAGGCTTTGG [17]
NbEFRI-F GCTCTTAACGTCGGATGGTC / [17]
NbEFRI-R AGCCAAACCCTAGCTCCATT [17]
NbGAPDH-F  AGCTCAAGGGAATTCTCGATG / [22]
NbGAPDH-R  AACCTTAACCATGTCATCTCCC [22]

TRIZAE BRI /0 BRI R A

The restriction sites are underlined; /: The fragment size is unknown.
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1.6 aopW EFE R EKEIIGEE#E
Bl &

aopW 3 IR 5 78 T Ak K T i BRI B A 1 11
R DR s B e U i) N B S R
DNA $EBGAF &2 FC440 FER 4] DNA, &
AR AR A S % aopW-F/R il & B
fii PrimeSTAR®™ HS DNA Polymerase 43 aopW
FEINER 320 bp B, i EcoR 1 #1 Hind 1
BV IR, 595 aopW-QF/QR BailF %
ARG B AR AR A RS s DI BE EL AR PR
A FH S 1 % aopW-QF/QR 3 33 15 {5 EL il 4™
B4 qopw FEPR 4K 1458 bp B, {#i/H Kpn IFI
Xba DWEEVIRAIE, Hi51% AAC-1 Fil AAC-2
B UE H AR 7 N R A .
1.7 mEEREIR

2 B R I 1Y) O MR e s o X R
Bl L 1x10* CFU/mL B &R E SHE R KT
M, FHFIE 24, 48, 72 h SR FRIC . X
JE7F FHAN : DL ODegoo M 0.3 MR IES T4
M 95 M T, 4R 1 d R RFRIC SR
1.8 REEIFSHEFTEROSHESNE

ROS B R [ 5E 2 Bk SERE S 5 740,
R T I T R WK BE ODegoo i 0.3, 1S4 v
JRFH 1d 5317 DAB Y870 Hrs
1.9 BEFT3RIE AopW FARKIER HR FTE

% M Zhang %5 57 P, ¥ AopW 5
pART27-pKannibal #% {£ i 4% J5 % 1k & AT
GV3101, fil£ ODeo M 0.4 WITREW, FEFNT
A2 dJEWEiE .
1.10 AopW HYHHE I 4 B 7€ 1L

SR FEREER TR R RS . o AopW
5 GFP @il 32k M EE 4125 /A pBINGFP2-aop W %
EARAFE GV3101, JERBIRIKIEZE ODgo
5 0.6 JaiES A, 36 h )5 it R A B
BTSSR (O GE AT G D

1.11 mRNA RiEHH

aopW LR FKIK53Hr: DL FC440 (WT).
FC440 (AhrpG) K FC440 (AhrpX) B #E R R},
F T3SS F R F 4L b 28 °C., 220 r/min 15571
W% ODgoo 1 0.55, {44 &HT1F
TR RNA #2280, ¢cDNA 4 /8% RT-qPCR,
PG PCR RN R M 450 2 B SCHR[19],
SIS FE 2, Lh rpoB JE[H g 7 A R 12 14
SR IH— LA B, SR 274 ghilbfTE
AT

HH B0 56 K 238 40 B = 430l B I B 2R 5K
GFP 1 AopW 36 h FHHE I Fr 2 HLE RNA,
J2 e 53¢ I T AR 3R B 15 538 i T i
KIFN PTI A5 5 38 6 T Ui % P & 0k i A U
RNA $2H. cDNA & 5t E 7 PCR Jiik
[f] I, BEH GADPH Jy A B N 2 3k RV I —
fe Ak 3
1.12 BEFIT S S

ALY R 3 MY rEL . #iH
Image J #E47AH X 4% 8 5% B 7 #7, GraphPad
Prism 8 Y174 #E 451+, IBM SPSS Statistics 19
PEATRAIRN R 5 2501, P>0.05 KR EFR A B E;
P<0.05 N EFMEZESR, EERPH*ER; P<0.01
It E 2, R ROR

2 EREG5M

2.1 AopW HIEMEEEN
2.1.1 AopW EXEEREIR LX 547
PURE R LR Pk FC440 JE A 2H v g
5 GE03673 1Y 3 [H 4 i 1) 2 (1 25 {81 harpin R0
E, AR ES N AopW; A4 HT BoR,
AopW T 485 NREKEMREIE, & HER
(9.5%), AW BN PR (0.6%); 575K
PR T R E B AAC00-1 H Aave 1548 (1))
SIARLEE N 96.7%. JTHI LXK, AopW 5
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Pseudomonas syringae " HopW1-1 ML PESE &
JEHIAHALEE R 55.66%
2.1.2 AopW FHI4HE

JE 5534 KB, aopW BEH A 8+ XA —14>
HrpG %5407 25 PIP-box (K 1A), i T2 R IG5
¥ ATG i 50 bp 4b, —10 [XJ¥31 4 CATATT,
aopW [¥) PIP-box #i{&>l) TTCGC-N15-TTCGC-
N32-CATATT. Tl 3 #r i s, AopW JCisfi
IR 5E X (& 1B)FRIE 5 Ak (K] 1C), JoPR~F 45
(B 1D), & v T~ 4H B 20 it 1 Fn 4 A 5 (] 1E) o

213 ARBREEWMUESN

BLAST JF4 X R, PEIRERRTE AopW
EA S 2R R SNBE T W B A
F AR, LA AopW MFRic . 59 [RGB H:
5 D A TR PR R A Y 3 A 3R A AT Y (] U 2R
HiE T RSk B S R BR(E 2): 75NE R
W5 Pseudomonas syringae ) HopW Jg& T [7]—43
2, MRIYERR;, 5 Ralstonia solanacearum [7)
PopW #ll Xanthomonas campestris 1] XopW J& T

AR, FRGRRBIL

A TTCGB NIS TTCGB N32 YANNRT

il Il 1]

TTCGCCGGGGAGGGCAGI TTT ICGCCCATGCACCGGGTGCGCAGCGCATGCGTGCG ATATT

PIP-box ~10 box iR IV 15 Transeription initiation site
B . T TR
TMHMM posterior probabilities for AopW C SignalP-4.1 prediction (euk networks): AopW
L2 1.0} —— C-score
1O} S-score
Y-
g 08¢ —— Transmembrane — Inside —— Outside 0.8f seore
= 06
< o 0.6
& 04r £
02} B 0.4
0.0 ool 1
D - . e e e
o - 0.OIH T
E
Query protein Predicted location (s) , ‘ , , , ‘ ‘
2
AopW Extracell. Periplasm 0 10 20 3lgosili0£r110 S0 60 70

1 AopW FHBEMEREDN  A: aopW R SR IGA & _LIiF PIP-box 7387, 5 1 47 >
[CEAE R T3SEs Ji 8l X AR SF 27 I0BEAA; 55 2 170 aopW G 2 FIXJF5], A, T. C. G. B,
N. Y. R WilFERFALE . B: AopW & H IS LS FIZHTN . C. AopW & H 15 S KT, D: AopW
AR ZEFETI. E: AopW & 11 7E 4 BT H A% SV 248 JiE 2 A5 1

Figure 1 Bioinformatics analysis of AopW sequence. A: PIP-box Analysis of upstream of aopW gene
transcription start site. The first is the motifs of the conservative sequences in the T3SEs promoter region of
Gram-negative bacteria; The second is the sequence of the aopW gene promoter region, A, T, C, G, B, N, Y, R
are the single letter abbreviations of bases. B: Predicted transmembrane domains of AopW. C: Predicted
signal peptide of AopW. D: Predicted domains of AopW. E: Predicted subcellular localization of AopW in
bacteria.
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100

100

—
0.20

2 FE=ZRAMEPINLEER W IRGELEN

¥} bootstrap H JE{H ;
#F 1 GenBank B35

Ralstonia solanacearum CFBP2957PopW (CBJ41989.1)

Ralstonia solanacearum CMRI15PopW (CBJ36850.1)

Ralstonia solanacearum Po82PopW (AEG68037.1)

68 L Ralstonia solanacearum K60PopW (CCF98325.1)

Xanthomonas campestris pv. badrii XopW (QJD66298.1)

100 | —— Xanthomonas euvesicatoria XopW (WP_164738815.1)
Xanthomonas oryzae pv. oryzicola BLS256XopW (AEQ94708.1)

Pseudomonas amygdali pv. aesculi HopW (UNO25321.1)

Pseudomonas syringae pv. helianthi HopW (UNB66225.1)

Acidovoras citrulll FCA40A0pW (ON6TT301),

ERY AV NS/ R IVA N | [ [ -3 E W 0 -

HELAE PO PN IR AopW 5 55 H A AR AN R SMNBE T W RN 5

Figure 2 Phylogenetic tree of outer protein W in Gram-negative bacteria. The distance scale is expressed as
the confidence value of unit length; At the branch nodes are 1 000 bootstrap replicates represented as
percentage values; The dotted box shows the AopW protein of Acidovorax citrulli; The gene or protein
GenBank accession number of different bacteria outer protein W are in parentheses.

2.2 aopW EETE hrpG F1 hrpX KK

B RIE S

RT-qPCR Z5:L B~ (K 3): aopW FEHTE
FC440 (AhrpG) N FCA440 (AhrpX)h 353k BARKL
TR R TR, RFUERE aopW MFEEXZ
PO E R TA T3SS A% .0 Jk R IE % o
2.3 aopW ERE XTI 3w = BUF 1 HIE2 0T

W NP IR S R AR (& 4A): Hfh
1 d J5,FC440 (W)L B9+t BLR TR ARK 1=
ARFGBE ;1M FC440 (AaopW)RE IR [+ AL i
MERBRBE, P FC440 (AaopW-aop W)
I R R i R A 4 R B A A [
FEEOA AL R BoR (B 4B): RS Rl i (A
(HERS , A FC440 (Aaop W)Y T M- 175 35 4K
B B S L A S U | B s = D N/ O 7 o LB

1.5r
©
>
2
%: .
e
g
o
2
% sk
=7 *k
)
W \0*69
g
0\
()w
<
Strains

B3 aopWEHAEANRERE hrpGlhrpX EBE R
TR BIRIE D
Figure 3 The expression analysis of aopW gene in

hrpG or hrpX gene mutant in Acidovorax citrulli. **:
P<0.01.
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REE AN AR B T IR TS IR B A E B MEF 24 aopW EERTHHFERFRFETHEL
AR ZR K 95 HR R AILE L /R (K 40): ROS 7= & Ry F2 1
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Figure 4 The virulence phenotype of Acidovorax citrulli aopW gene mutants and complementary strains. A:

The disease phenotype of cucumber cotyledon; Photos were taken at 1 d after inoculation. B: Disease index
analysis; **: P<0.01. C: HR phenotype of Qin-Yan 95; Photos were taken at 1 d after inoculation.
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Figure 5 Analysis of ROS production after cucumber infected by Acidovorax citrulli aopW gene mutants
and complementary strains. A: ROS staining phenotype of cucumber cotyledon; Photos were taken at 1 d
after inoculation. B: Relative staining intensity analysis; **: P<0.01.
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Figure 6 Subcellular localization of AopW in
Nicotiana benthamiana. Photos were taken at 36 h
after inoculation.
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Figure 7 The phenotype of transient expression of
AopW in Nicotiana benthamiana. Photos were
taken at 2 d after inoculation.
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Figure 8 Effect of AopW on disease resistance signal pathway in Nicotiana benthamiana. A: Analysis of
the effect of AopW on PTI signal pathway. B: Analysis of the effect of AopW on plant hormone signal
pathway. Leaf samples were taken 36 h after transient expression. *: P<0.05; **: P<0.01.
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